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A dipole magnetic f i e l d  is analyt ical ly  compressed and 

extended t o  represent t h e  presumed ef fec t  of t he  solar wind on t h e  

ear th 's  magnetic f i e l d  on t h e  day and night s ide  of t he  ear th  i n  

the earth-sun meridian plane. The first and second adiabatic 

invariants of p a r t i c l e  motion a r e  used t o  calculate  t he  mirror 

points of constant energy par t ic les  i n  the  compressed and extended 

f i e lds .  

gators,  showing that s h i f t s  i n  mirror points of pa r t i c l e s  moving 

The r e s u l t s  support and c l a r i f y  work by previous inves t i -  

from one f ie ld  t o  the other are large at  la rge  distances and smaller 

a t  lower a l t i t udes .  The results are compared t o  t h e  experimental 

findings of Explorers 12 and 14 and Injun 1. It i s  concluded tha t  

f i e l d  d is tor t ion  may be a major cause of t h e  shift; i n  mirror points 

at  1000 km observed by Injun 1, but tha t  f inal  resolut ion of t he  

problem will depend on further determination of t h e  magnetic f i e l d  

k4 d 7  t - t o f l  on t h e  night side of t h e  earth. 
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INTRODUCTION 

Work i n  recent years has indicated tha t  a solar wind d i s t o r t s  

t h e  ear th 's  dipole-like f i e l d ,  compressing it on t h e  

extending it on t h e  night side, and confining it t o  a cavity around 

t h e  earth.  

cles trapped i n  t h e  f i e l d  and may help explain the  complicated 

morphology revealed by trapped particle measurements. 

i n t e re s t  i s  whether t h e  d is tor t ion  of t h e  f i e l d  can explain results 

of Injun 1 [O'Brien, 19631 which detected pa r t i c l e s  mirroring at 

1000 km up t o  approximately 75' geomagnetic l a t i t u d e  on t h e  day s ide  

of t h e  ear th  during magnetically quiet periods, but only up t o  6 9 O  

on t h e  night side of t h e  earth. 

explanations of th i s  e f fec t ,  including the  e f fec t  of f i e l d  

d i s t o r t  ions. 

s ide,  

This d i s to r t ion  w i l l  certainly a f f ec t  energetic p w t i -  

O f  par t icular  

O'Brien also discussed possible 

It i s  well known t h a t  trapped par t ic les  s p i r a l  along lines of 

force  moving f'rom hemisphere t o  hemisphere while a l s o  d r i f t i ng  i n  

longitude due t o  the  gradient and curvature of t he  f i e l d .  

convenient way of studying these p m t i c l e s  i s  t o  use the  theory of 

adiabat ic  invariants of p a r t i c l e  motion [Northrop and Tel le r ,  19601. 

This theory s t a t e s  t h a t  t he  first adiabatic invariant or magnetic 

moment p, defined as WL/B (WL is t h e  energy due t o  motion perpen- 

dicular  t o  the  f i e l d  and B t h e  value of t he  f i e l d ) ,  i s  constant as  

long as t h e  var ia t ion  of B is  small during a period of gyration of 

t h e  p a r t i c l e  about t h e  f i e l d  l ine .  The second adiabat ic  invariant or 

The most 
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longitudinal invariant,  J, i s  defined by f t ' p , ,  ds where p,  , is 

the  momentum pa ra l l e l  t o  t he  f i e l d  l ine ,  ds 

along t h e  f i e l d  l ine ,  and M and M' are the  mirror points i n  e i the r  

hemisphere. A s  long as the  var ia t ion of B over a bounce period 

i s  not appreciable, J 

invariants w i l l  be assumed constant i n  t h e  present work, i n  which 

case adiabatic theory supplies the  in te res t ing  features of the  par- 

t i c l e  motion. Also e l e c t r i c  f i e l d s  associated wi th  ro ta t ion  of t h e  

magnetic f i e l d  w i l l  not be considered which means t h a t  the energy 

of each pa r t i c l e  w i l l  be constant. 

i s  a length element 

is  constant. As i s  generally done, these 

The magnetic moment may b e  writ ten p = W / u r  so tha t  t he  

requirement t h a t  energy be constant along with the  invariance of p 

means t h e  pa r t i c l e  always mirrors i n  a f i e l d  of t he  same strength,  

As long as the  energy does not change, J may be divided by mv 

which defines a new quantity I which is constant. This new con- 

s t an t  I may be put i n  t h e  form 

where the in tegra l  is along a f i e l d  l i n e  between mirror points of 

the par t ic les ,  B represents t he  f i e l d  strength along a f i e l d  l i ne ,  

and B d r  t he  mirroring f ie ld .  

The above may be summarized i n  r e l a t ion  t o  a model f i e ld ,  such 

as i l l u s t r a t e d  for t he  earth-sun meridian plane i n  f igure 1, if  one 

considers a pa r t i c l e  wi th  any mirror point on one s ide  of t h e  earth.  
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When the  inhomogeneous magnetic f i e l d  has caused the  p a r t i c l e  t o  drift 

t o  t he  opposite s ide of the  ear th ,  the  p a r t i c l e  W i l l  have a mirror 

point on the same constant B contour as a r e su l t  of conservation of 

p. The exact posit ion of t he  mir ror  point on the contour w i l l  be 

determined by the  requirement that  t h e  mirror point limits i n  the  T 

i n t eg ra l  be such t h a t  I has t he  same value as on the  opposite s ide  

of t h e  eaxth. Once a new mirror point has been located, the l i n e  of 

force through t h e  mirror point may be used t o  determine t h e  equator ia l  

crossing of t h e  par t ic le .  

Various workers [Vestine, 1960; Reid and Rees, 1961; Malville, 

1960; and -, Hones 19631 have indicated t h a t  t he  effect  of compression 

of the  f ie ld  on t h e  day side r e l a t ive  t o  t h a t  on t h e  night s ide  of 

t he  ear th  will tend t o  move mirror points of trapped pa r t i c l e s  toward a 

lower l a t i t ude  on the  night side. There has, however, been some 

disagreement as t o  the  magnitude and importance of t h i s  e f fec t .  

Reid and Rees [1961] used the  f i rs t  adiabatic invariant and 

realized that pa r t i c l e s  near t h e  equatorial  plane would move i n  toward 

the  ear th  on the  night side.  

ingly la rge  e f fec t  would r e su l t  at low a l t i t udes  and explain the  

observations of hydrogen emission i n  the  aurora. Malville used the  

second adiabat ic  invariant and a f i e l d  perturbed by an image dipole 

and concluded t h a t  t he  l a t i t ude  s h i f t  a t  low a l t i t udes  was not more 

than 2O. 

They fur ther  suggestedthat  a correspond- 

Hones recently investigated pa r t i c l e  motions i n  a dipole f i e l d  

perturbed by a stronger dipole f i e l d  at a large distance from the  
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ear th ' s  f i e ld .  He emphasizes t h e  e f fec ts  of ro ta t ion  of t h e  

magnetic f i e l d  as well a s  gradient drifts and obtains in te res t ing  

motions f o r  pa r t i c l e s  of various energies. Hones concludes t h a t  a 

l a t i t ude  s h i f t  would be about 3' with h i s  model f i e l d  although he 

states, as did Malville, t ha t  t h e  effect  could be increased by extend- 

ing l i nes  of force on t h e  night side of t he  earth.  

ANALYSIS AND R E 3 W S  

The present work uses a t h i r d  type model of a perturbed f i e l d  

t o  fur ther  invest igate  the effect  on trapped pa r t i c l e s  and, i n  par- 

t i cu l a r ,  t o  examine quantitatively the  e f fec t  of extension of f i e l d  

l i n e s  on the  night s ide  of the earth. 

the  d is tor ted  ear th ' s  dipole f i e l d  has been represented analyt ical ly  

by a dipole f i e l d  t o  which i s  added a uniform f i e l d  pa ra l l e l  t o  the  

dipole axes. If t h i s  uniform f i e l d  i s  southward, t he  f i e l d  becomes 

elongated as  it might on the  night s ide of t h e  earth.  If the  f i e l d  

i s  northward, t he  f i e l d  i s  compressed as it might be by a solar  wind 

on the  day s ide  of t h e  earth.  

If some smooth t r ans i t i on  from the night s ide f i e l d  t o  the day s ide  

is assumed, pa r t i c l e s  will d r i f t  around the  ear th  as a resu l t  of t he  

inhomogeneous magnetic f i e ld .  

by looking at  the  pa r t i c l e  only when it i s  i n  the  earth-sun meridian 

plane. 

For t h e  sake of simplicity,  

These f i e l d s  are shown i n  f igure  1. 

Interest ing e f f ec t s  can be analyzed 

It should be emphasizedthat t he  technique of adding a uniform 

f i e l d  t o  the  basic dipole f i e l d  i s  essent ia l ly  a mathematical a r t i f a c t  



-6 - 

designed t o  represent i n  a simple manner t h e  asymmetric character 

of the  magnetic f i e l d  i n  the  magnetosphere. It is  not necessary, 

and should not be inferred,  t h a t  these uniform f i e l d s  represent t h e  

interplanetary f i e ld ,  although discussions along these l i nes  have 

been given recently by Dungey C19633. 

produced i n  t h i s  manner are only claimed t o  be plausible,  and are  

only used i n  the  earth-sun meridian plane, no questions of continuity 

between them need arise. 

Since the  geomagnetic f i e l d s  

Experimental r e s u l t s  from Explorer 14 indicate  a cutoff i n  

trapped pa r t i c l e s  at  roughly 9 or 10 ear th  radii i n  the  equator ia l  

plane on t h e  sunward slde of the  earth. 

cutoff l a t i t ude  f o r  particles mirroring at 1000 km of about 75' l a t -  

i tude on the  sunward s ide of the earth. I n  l i n e  w i t h  these observa- 

t i ons  a uniform f i e l d  of 307 

Upole was chosen t o  d i s t o r t  the  dipole. This 307 dis tor t ing  f i e l d  

r e s u l t s  i n  a compressed l i n e  of force from 75' l a t i t ude  a t  t he  ear th  

surface cut t ing the  equatorial  plane at 9.2 RE (as compared t o  an 

undistorted dipole l i n e  from 7 5 O  which cuts  t h e  equatorial  plane at 

15 RE). 

t i o n  by both magnetic [Cahi l l  and Amazeen, 19633 and pa r t i c l e  

[Freeman, 19631 measurements, t h i s  l i n e  w i l l  be taken as the  outside 

l i n e  of force i n  t h i s  model. 

Injun 1 results ind ics te  a 

or 1/1000 of the  ground value of t h e  

Since a boundary has been observed at  t h i s  approximate posi-  

I n i t i a l l y ,  a 3Oy f i e l d  i n  the southward direct ion was chosen t o  

elongate the  dipole, but t h i s  f i e l d  may be varied by scaling the  



-7 - 

calculations. When t h i s  southward uniform f i e l d  i s  added, the  

resu l t ing  d is tor ted  f i e ld  i s  capable of trapping par t ic les  only i n  

a region bounded by a l i n e  which goes through a neutral  point i n  

t h e  equatorial  plane where the  dipole and uniform f ie lds  exactly 

cancel. 

because only one end of the  l i n e  of force i s  connected t o  t h e  earth. 

With a 307 

67.20 l a t i t ude  and crosses t h e  equatorial  plane at 10 RE. 

l imit ing l a t i t ude  prohibits trapping as high as 690, as observed by 

Injun 1, but t h e  d is tor t ing  f ie ld  may be weakened by scaling so t h a t  

t he  l imiting l a t i t ude  moves north. 

A n y  par t ic les  outside t h i s  l imit ing l i n e  w i l l  not be trapped 

d is tor t ing  f ie ld ,  t h i s  l i m i t i n g  l i n e  cuts  t h e  e a r t h  at 

This 

To apply t h e  above theory it i s  necessary t o  calculate  I fo r  

Th i s  has been done various mirror points i n  both distorted fields.  

using a modified version of t h e  B-L coordinate computer program 

developed by E. G.  Stassinopoulos a t  t he  Goddard Space Flight Center. 

The results are presented i n  figure 2. 

of mirror points at a constant la t i tude  with various radial distances 

as marked on t h i s  curve. The B and I corresponding t o  these d i f -  

ferent mirror points are given by the ordinate and abscissa, respec- 

t ive ly .  Sol id  l i nes  correspond t o  t h e  coqressed  f i e l d  while broken 

l i n e s  represent mirror points i n  an extended f ie ld .  

remain constant for  a pa r t i c l e  d r i f t i n g  f rox one f i e l d  t o  t he  other, 

points  of intersect ion give t h e  mirror point coordinates for  a par t ic le  

i n  e i the r  f i e ld .  

Here t h e  l i nes  a re  composed 

Since B and I 
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I n  the  compressed f i e l d ,  I increases with increasing radius r 

at a given l a t i t u d e  as long as Mr i s  large compared t o  B along 

a large portion of t h e  path of integration. For la rger  r, however, 

Bmir decreases so  t h a t  B/Bmir along t h e  path i s  near 1; thus t h e  

integrand and, hence, t h e  in tegra l  a r e  small. 

I n  the  extended f i e l d  the  curves i n  f igure  2 become more 

horizontal  with increasing r 

l i n e  of t he  cavity i s  approached. 

near the  cavity l i m i t  carrying the  p a r t i c l e  farther out, causing a 

longer path of integrat ion and a smaller 

at a constant l a t i t u d e  as the  l i m i t i n g  

This i s  caused by l i nes  of force 

B/E&-, and thus a larger  I. 

Changes i n  t h e  mirror point as the  p a r t i c l e  drifts from a 

compressed t o  an extended f i e l d  can be determined fiom f igure 2 and 

a re  more expl ic i t ly  i l l u s t r a t e d  i n  f igure  3.  

l i n e s  for the  compressed and extended f i e l d s  a r e  i l l u s t r a t ed .  

darkened c i r c l e s  represent mirror points i n  t h e  extended f i e l d ,  and the  

adjoining open c i r c l e s  represent t h e  corresponding mirror point posi-  

t i ons  i n  the  compressed f i e l d .  

l a rge  distances as mirror points move closer t o  the  ear th  t o  remain i n  

constant f i e l d  strengths, as pointed out by Reid and Rees [1961]. 

lower a l t i t udes  t h e  s h i f t  i s  reduced and i s  more i n  l i n e  w i t h  t he  

findings of Malville [1960]. 

Here the  outer f i e l d  

The 

Large changes i n  mirror poifits occur at 

A t  

If a p a r t i c l e  i s  t o  remain trapped fo r  a complete c i r cu i t  around 

t h e  earth, it m u s t  have mirror points i n  both extended and compressed 

fields. Since trapped par t ic les  are not found outside the  boundary 
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on the  sunward s ide  of t h e  earth, there are no pa r t i c l e s  mirroring 

i n  a f i e l d  of less than about 607. On the  night s ide  of t he  ear th  

t h i s  means there  are no par t ic les  mirroring outside about 7 RE. 

par t i c l e s  observed on t h e  equator outside 7 RE 

a l t i t udes  and have smaller pi tch angles. 

All 

w i l l  come from lower 

To investigate t h e  dis t r ibut ion of pa r t i c l e s  crossing t h e  

equatorial  plane, it i s  necessary t o  fo l lox  f i e l d  l i n e s  through t h e  

mirror points down t o  t h e i r  equatorial crossing. 

compressed f i e l d s  (dotted l i nes )  and extended f i e l d s  ( so l id  l i nes )  and 

addi t ional  pa i r s  of mirror points. 

equatorial  d i s t r ibu t ion  of trapped par t ic les .  

mirror points i n  t h e  night s ide  f i e l d  w i l l  tend t o  move par t ic les  t o  

lower la t i tudes  corresponding t o  equatorial crossings nearer t h e  ear th .  

Second, t h e  extension of t h e  f i e l d  l ines  w i l l  carry par t ic les  fa r ther  

f romthe  earth.  

t h e  day s ide which are sh i f ted  earthward on t h e  night s ide  but where 

t h e  extended f i e l d  car r ies  t h e  par t ic les  out so t h a t  they cross t h e  equa- 

t o r i a l  plane at  t h e  same distance as on the  day side.  For mirror points 

i n  t h e  compressed f i e l d  above t h i s  l ine ,  t h e  extended f i e l d  effect  domi- 

nates and t h e  par t ic les  are carr ied far ther  out on t h e  night side than 

on t h e  day side.  

dominates and t h e  par t ic les  cross the equatorial  plane nearer t he  e m t h  

on t h e  night s ide  than t h e  day side. 

Figure 4 shows 

Two ef fec ts  w i l l  influence t h e  

F i r s t ,  t h e  sh i f t  i n  t he  

The dark l i n e  i n  figure 4 represents mirror points on 

For mirror points below t h i s  l ine ,  t he  equatorial  s h i f t  
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Hones [19631 concludes t h a t  a la rge  percentage of pa r t i c l e s  

in jec ted  a t  t h e  equator with an isotropic  d is t r ibu t ion  of’ p i tch  

angles w i l l  mirror near t h e  equatorial  plane. 

much la rger  area below t h e  heavy l i n e  i n  f igure 4 indicate  t h a t  t h e  

la rge  majority of par t ic les  w i l l  cross the  equator ia l  plane nearer 

This fac t  and the  

t h e  ear th  on the  night s ide  than on t h e  day side.  

ment with r e su l t s  of Explorer 14 [Frank, Van Allen, and Macagno, 19633 

which indicate  a decrease of two orders of magnitude on quiet days a t  

This i s  i n  agree- 

a distance of 7 t o  8 RE while the  d a y t i m e  i n t ens i t i e s  a re  large out 

t o  a cutoff at 9 or 10 RE on t h e  day side. 

A s  was pointed out above, s h i f t s  i n  mirror points are large 

at la rge  r a d i a l  distances and smaller at lower a l t i t udes .  These s h i f t s  

at auroral  zone l a t i t udes  are of par t icular  i n t e re s t  since they have 

been measured by Injun 1, and they may be related t o  other geophysical. 

phenomena. 

To study these high l a t i t u d e  sh i f t s  i n  greater  d e t a i l  I val:ies 

were computed f o r  l a t i t udes  near the auroral  zone. T h e  r e su l t s  are 

presented i n  f igure 5 which i s  the high l a t i t u d e  extension of f igure  2. 

Again t h e  two pa i rs  of coordinates associated w3ith any point, i n  t h e  

plane (any given B and I) a r e  those of t he  mirror points i n  the 

respect ive f i e lds .  The s o l i d  l i n e  represents a l t i t udes  of 1000 h i  

corresponding t o  the  Injun measurements. The l a t i t u d e  shifts  can be 

determined from f igure 5 and are represented by the top cmve i n  f i g -  

ure 6. The maximum s h i f t  i n  la t i tude  can be seen t c  be about 5’. The 

southward perturbing f i e l d  used i n  t he  above calculations corresponds 
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t o  a l imit ing l i n e  of force cutt ing the  ear th  a t  67.20 l a t i t u d e  and 

r e s t r i c t i n g  mirror points at 1000 km t o  even lower l a t i t udes .  
. 

To 

allow comparison of t he  theory w i t h  t h e  Injun results it is  of i n t e r -  

est t o  decrease the  strength of the perturbing night s ide  f i e l d .  

has the  e f fec t  of (1) moving t h e  l imiting l i n e  of force t o  higher 

la t i tudes ,  which allows mirror points i n  t h e  region fouid by Injim 2; 

This 

(2) increasing t h e  r a d i a l  distance of t he  neut ra l  point and increasirg 

the  extension of t he  outermost f i e ld  l ines ;  and (3) making t h e  f i e i d  

inside the  outermost f i e l d  l i n e s  more l i k e  a dipole. 

This weakening of t he  perturbing f i e l d  can be accomplished by 

scal ing t h e  calculations made f o r  t h e  above f i e ld .  A new value for  

a uni t  of ear th  radius ( R ' )  my be chosen as some f rac t ion  

than unity t o  decrease the  perturbing f i e l d )  of t h e  old unit  of earth 

radius  R,  t h a t  i s ,  R '  = fR. Any distance i n  new uni t s  r '  w i l l  be 

r '  = r R / R '  = r/f. 

f (less 

In par t icu lar ,  t he  distance of t h e  neut ra l  point 

rA = rn/f 

perturbing f i e ld .  

w i l l  be greater  i f  f < 1, corresponding t o  a decreased 

The in t eg ra l  f o r  I i s  a function only of a r a t i o  B/Bmir and 

t h e  length which enters through ds. 

when 8 new unit  of length i s  chosen, and length we have seen i s  

The r a t i o  w i l l  remain constant 

inversely proportionate t o  f so  we a l so  have a new I '  giveii by 

I' = I/f. 

_- wnen a new unit  of ewtii rd ius  i s  ChIciScii, E zt the  new ~ ~ ~ f a z e  

of t h e  ear th  i s  different  and a renormalization of t h e  f i e l d  i s  
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required. Magnetic f i e lds  vary as l/r3, so B near t he  ear th 's  

surface i s  B/f3. 

value at t h e  ear th 's  surface, it must be multiplied by 

new B's become B' = f%. 

If t h i s  i s  again t o  be made equal t o  the  or ig ina l  

f3 so  t h e  

This scaling was carr ied out s o  tha t  t he  perturbing f i e l d  was 

successively reduced t o  1-87 and 7.57. 

l imit ing la t i tudes  at t h e  ear th  of 69.1O and 72.1' l a t i tude ,  and 11.9 

and 15.9 ear th  r a d i i  distances o f t h e  neutral  points, respectively. 

These f i e l d s  correspond t o  

The l a t i t ude  s h i f t s  at 1000 km obtained with these weaker f i e l d s  a r e  

plo t ted  i n  f igure  6. Reducing the perturbing f i e l d  decreases 

t h e  shif t  i n  l a t i t ude  at  any fixed l a t i t ude ,  but extending t h e  

high l a t i t ude  f i e l d  l i nes  makes t h e  s h i f t  i n  high la t i tudes  

la rger  than 5'. 

pression of t h e  sun side magnetic f i e l d  could be increased some- 

It should also be pointed out t h a t  t h e  com- 

what and s t i l l  agree with experimental results. 

fur ther  enhance t h e  equatorial  sh i f t  of mirror points on the  night 

This would 

s ide.  

CONCLUSIONS 

It appears t h a t  t h e  e f fec t  of a d is tor ted  magnetic f i e l d  may 

produce a s h i f t  i n  t h e  l a t i t ude  of par t ic les  mirroring at 1000 lsm 

la rge  enough t o  agree with the  experimental results of Injun 1. This 

conclusion agrees, at least i n  part, with t h a t  of other investigators 

[Malville, 1960; Hones, 19631 whose model f i e lds  predicted only small 
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s h i f t s ,  but who pointed out t h a t  extending the f i e l d  l i nes  on t h e  

night s de might produce the  observed ef fec t .  Final conclusions 

on t h i s  question w i l l  have t o  a w a i t  t h e  experimental measurements 

of Explorer 14  and l a t e r  s a t e l l i t e s  t h a t  w i l l  determine which model 

f i e l d  i s  most nearly correct.  

Although it appears t h a t  d i s tor t ion  e f fec ts  may be of adequate 

magnitude t o  explain t h e  observed r e su l t s ,  there  a r e  other e f f ec t s  

which may be important. An e lec t r i c  f i e l d  associated w i t h  a ro ta t ing  

magnetosphere, such as discussed by Hones [l963], w i l l  tend t o  reduce 

t h e  energy of pa r t i c l e s  moving t o  lower L she l l s .  This  e f f ec t  w i l l  

be opposite t o  t h a t  produced by the elongation of f i e l d  l i nes .  Other 

e f f ec t s  such as t h e  e l e c t r i c  f i e lds  driving the  Ds current systems 

and the  magnetic f i e l d  d is tor t ion  of a r ing current may also be 

important. 

This paper i s  t h e  product of r e s e a c h  conducted during the  

period of 

of t h e  National Aeronuatics and Space Administration. 

1963 summer emplojrment with the  Ames Research Center 

I am grea t ly  indebted t o  Dr. J. W. Dungey, under whose guidance 

t h i s  work was undertaken. 
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FIGURE LEGENDS 

Figure 1. - Magnetic f i e l d  l i nes  (sol id)  and contours of constant 

B (dashed) obtained by superposing a southward directed dipole 

magnetic f i e l d  having an intensi ty  of 30,0007 

ne t ic  equator and a uniform f i e l d  of 307 

dipole axis. The combined f i e l d  of t h e  dipole and a northward 

uniform f i e l d  on t h e  l e f t  represent conditions on the  day s ide  

of t he  earth.  

uniform f i e l d  on t h e  r igh t  represent conditions on t h e  night 

side. A neut ra l  point N occurs at  10 RE on the  night side.  

a t  t he  geomag- 

p a r a l l e l  t o  the  

The combined f i e l d  of t h e  dipole and a southward 

Figure 2.- Curves represent mirror point posit ions at constant 

l a t i t udes  at distances i n  earth radii as marked on t h e  curve. 

Values 

the  ordinate and abscissa, respectively. Dashed l i nes  corre- 

spond t o  t h e  sun side f i e ld ,  and s o l i d  l i nes  t o  the  night side 

f i e ld .  The two pa i rs  of coordinates associated w i t h  points of 

in te rsec t ion  give mirror point posit ions of a p a r t i c l e  which 

has d r i f t e d  from one f i e l d  t o  the  other. 

B and I associated with the  mirror points a r e  given by 
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Figure 3. - The outer l i nes  of force fo r  t he  day s ide (dashed) and 

the  night side (sol id)  fo r  t he  case of 307 perturbing f i e l d s  

i n  both northern and southern directions. Open c i r c l e s  repre- 

sent mirror point posit ions on the  day s ide  of the  ear th  while 

attached dark c i r c l e s  represent t h e i r  corresponding posit ion on 

t h e  night s ide,  

agreement with experimental data would move t h e  neutral  point 

N t o  a greater  distance and expand the  night sfde cavity but 

have l i t t l e  e f fec t  on the  behavior of t he  s h i f t s  i l l u s t r a t ed .  

Figure 4.- Dashed l i nes  represent day s ide f i e l d  l i nes  and so l id  

Weakening the  night s ide  f i e l d  t o  improve the  

l ines,night s ide f ie ld  l ines .  

point of a pa r t i c l e  i n  both f ie lds .  

mirror point locations on the  day s ide  which s h i f t  t o  posit ions 

on t h e  night s ide  such t h a t  the equator ia l  crossing of t he  par- 

t i c l e s  a re  equivalent on ei ther  s ide  of the  earth.  

Circles again represent t he  mirror 

The heavy l i n e  represents 

Figure 5 .  - This represents the  high l a t i t u d e  extension of f igure 2 

for  307 f i e l d s  i n  e i ther  direction. The horizontal l i n e  repre- 

sen ts  radii at  1000 km. 

these values may be scaled and the  points inside the  ear th  above 

become of i n t e re s t .  

When the night s ide f i e l d  i s  weakened, 
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Figure 6.- The curves represent s h i f t s  i n  l a t i t u d e  fo r  mirror 

points of pa r t i c l e s  moving f romthe  day s ide  of t h e  ear th  t o  

t h e  night side. The r e s u l t s  apply t o  mirror points at 1000 km 

and a r e  f o r  several  d i f fe ren t  strengths of t h e  southward night 

s ide  perturbing f i e lds .  The curves a r e  labeled with the  strengths 

of t he  perturbing f i e lds ,  t h e  rad ia l  distances of t he  neut ra l  

point 

from the  neutral  point cuts the ear th  

RN, and the  l a t i t ude  at which t h e  l imit ing l i n e  of force 

AL. 
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Figure 1. - Magnetic f i e ld  l i nes  (sol id)  and contours of constant B (dashed) 
obtained by superposing a southward directed dipole magnetic f ie ld  having 
an in tens i ty  of 30,OOOy 
of 307 
and a northward uniform f ie ld  on the  l e f t  represent conditions on t h e  day 
side of t he  earth. The combined f i e l d  of the  dipole and a southward uni -  
form f i e ld  on the  r igh t  represent conditions on the night side. 
point N occurs at  10 RE on the  night side. 

at the  geomagnetic equator and a uniform f i e l d  
parallel t o  t h e  dipole axis. The combined f i e ld  of t he  dipole 

A neutral  

NATIONAL AERONAUTICS A N D  SPACE ADMINISIRATION 
AMES RESEARCH CENTER. MOFFETT FIELD, CALIFORNIA 



30,OOC 

3,OOC 

0. Y 

30C 

0 

Figure 2. - Curves represent mirror point posit ions at constant l a t i t udes  a t  
distances i n  ear th  r a d i i  as marked on the curve. Values B and I associated 
with t h e  mirror points a r e  given by the ordinate and abscissa, respectively.  
Dashed l i n e s  correspond t o  the  sun side f i e l d ,  and so l id  l i nes  t o  the  night 
s ide  f i e l d .  
t i o n  give mirror point posit ions of a pa r t i c l e  which has d r i f t ed  from one 
f i e l d  t o  the  other. 

The two pa i rs  of coordinates associated with points of intersec-  
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Figure 3. - The outer l i nes  of force f o r  the day side (dashed) and t h e  night s ide 
(sol id)  fo r  t h e  case of 307 perturbing f i e l d s  i n  both northern and southern 
directions.  Open c i r c l e s  represent mirror point positions on the  day s ide  of 
t he  ear th  while attached dark c i rc les  represent t h e i r  corresponding posit ion 
on t h e  night side. Weakening the  night s ide  f i e l d  t o  improve t h e  agreement 
with experimental data would move t h e  neutral point 
and expand the  night s ide  cavity but have l i t t l e  e f fec t  on the  behavior of 
t he  s h i f t s  i l l u s t r a t ed .  

N t o  a greater distance 

. - /e--- . , . .  
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// 
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'\ N 

I 2  3 4 3 6 7 8 9 IO 

Figure 4.- Dashed l i nes  represent day side f i e l d  l i nes  and so l id  l i nes  night 
s ide f i e l d  l ines .  Circles again represent the  mirror point of a p a r t i c l e  
i n  both f ie lds .  
day s ide  which s h i f t  t o  positions on t h e  night side such tha t  t he  equato- 
r ia l  crossing of t h e  par t ic les  are equivalent on e i ther  side of t h e  earth.  

The heavy l i n e  represents mirror point locations on the  
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Figure 5 . -  This represents the high la t i tude  extension of f igure 2 for  307 
i f i e l d s  i n  e i ther  direction. 

When the  night s ide f i e l d  i s  weakened, these values may be scaled and the  
points inside the  ear th  above become of in te res t .  

The horizontal l i n e  represents radii at  1000 km. 
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Figure 6.- The curves represent shifts  i n  l a t i t ude  fo r  mirror points of 
pa r t i c l e s  moving from t he  day side of t he  ear th  t o  the  night side. The 
r e su l t s  apply t o  mirror points a t  1000 km and are for  several  different  
strengths of the  southward night side perturbing f ie lds .  
labeled with the  strengths of t h e  perturbing fields, t h e  radial dis-  
tances of t h e  neutral  point RN, and the  l a t i t ude  at which t h e  l imit ing 
l i n e  of force from the  neutral  point cuts t h e  ear th  h ~ .  

The curves are 
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